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a b s t r a c t
Prior research has demonstrated that state depressive symptoms and hostility can modulate inﬂammatory immune responses and directly contribute to cardiovascular disease (CVD) onset and development.
Previous studies have not considered the contribution of dispositional depressive symptoms to the
inﬂammatory process. They have also largely excluded African Americans, despite their disproportionate
risk for CVD. The ﬁrst aim of the study was to examine the impact of state and dispositional depression
and hostility on CVD-associated inﬂammatory biomarkers interleukin-6 (IL-6) and C-reactive protein
(CRP) in an African American sample. The second aim was to examine synergistic inﬂuences of hostility
and state and dispositional depression on IL-6 and CRP. The ﬁnal aim was to examine whether the relations between state and dispositional depression, hostility, IL-6, and CRP varied as a function of gender
and education. Anthropometric measures, blood serum samples, and psychosocial data were collected
from 198 African Americans from the Washington, DC metropolitan area. Hierarchical and stepwise
regression analyses indicated that (1) increased levels of hostility were associated with increased levels
of CRP; (2) hostility and IL-6 were more strongly associated among participants with lower educational
attainment; and (3) dispositional depression and CRP were more strongly associated among participants
with greater hostility and lower educational attainment. Findings suggest that enduring personality dispositions, such as dispositional depression and hostility, are critical to a thorough assessment of cardiovascular proﬁles in African Americans. Future studies should investigate causal pathways that link
depressive and hostile personality styles to inﬂammatory activity for African American men and women.
Published by Elsevier Inc.

1. Introduction
Cardiovascular disease (CVD) is the number one cause of morbidity and mortality in the United States and disproportionately
burdens African Americans (Yancy, 2005; Nabel, 2003). In comparison to Caucasians, African Americans have higher rates of diabetes
mellitus (DM), obesity, and hypertension, which are associated
with increased susceptibility to atherosclerosis, myocardial infarction (MI), coronary heart disease (CHD), and stroke (Berenson et al.,
1998; Yusuf et al., 2004; Blankstein et al., 2011; Sacco et al., 2001;
Carter et al., 1996; Flegal et al., 2010; Borrell, 2009). Although biological risk factors contribute to disparities between African Americans and other ethnic groups, psychological risk factors, such as
depression and hostility, also contribute to the pathogenesis and
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expression of CVD and poorer cardiovascular health (Ariyo et al.,
2000; Musselman et al., 1998; Kop, 1999).
The association between depressive symptoms, hostility, and
CVD risk is greater among African Americans, when compared to
Caucasians (Lewis et al., 2009; Jonas and Lando, 2000; Jonas and
Mossolino, 2000; Davidson et al., 2000). Depressive symptoms
have been associated with CVD risk factors, such as hypertension,
obesity, DM, and stroke (Wuslin & Singal, 2003; Davidson et al.,
2000; Dixon et al., 2003; Palinkas et al., 2004; Everson et al.,
1998). Hostility has also been recognized as an independent predictor of CVD, CHD, low-density lipoproteins (LDL), cardiac death,
MI, and hypertension (Graham et al., 2006; Miller et al., 1996;
Brindley et al., 1993; Shekelle et al., 1983; Yan et al., 2003).
Psychological stressors can activate the hypothalamic-pituitary-adrenocortical (HPA) axis and the sympathetic nervous system to inﬂuence the onset and development of CVD. HPA activity
can increase cortisol, which is implicated in the development of
atherosclerosis and hypertension (Ghiadoni et al., 2000; Hajat
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et al., 2010; Whitworth et al., 2005). Moreover, the HPA axis can bidirectionally regulate the proinﬂammatory cytokine interleukin-6
(IL-6) and the hepatocyte produced C-reactive protein (CRP).
Chronic IL-6 production can lead to the destruction of the cardiovasculature (Hou et al., 2008; Lagathu et al., 2003; Memoli et al.,
2007; Singh et al., 2005; Fredj et al., 2005). Interleukin-6 is involved in the initiation and progression of atherosclerotic cardiovascular disease and can precede the onset of DM (Andersen and
Pedersen, 2008; Memoli et al., 2007). Furthermore, CRP is a hallmark of acute and chronic inﬂammation. High levels of CRP are
associated with risk of stroke, MI, and poor cardiovascular events,
even among healthy individuals (Ridker et al., 1997). Both IL-6 and
CRP are associated with sub-clinical and clinical CVD (Cesari et al.,
2003; Ridker, 2007; Willerson and Ridker, 2004; Ridker et al.,
2000; Ridker et al., 2002). Thus, examination of these markers concurrently may be a better predictor of CVD risk than when examined independently.
Studies show that greater depressive symptomatology and hostility are associated with increased concentrations of IL-6 and CRP
in the blood (Suarez, 2004; Suarez, 2003a,b). A meta-analysis of
studies conducted between 1967 and 2008 demonstrated a consistent association between depression, IL-6 and CRP, in both clinical
and population-based studies, and suggested that depressive
symptoms increased CVD risk even among non-patient samples
(Howren et al., 2009). Of note, these studies have primarily examined the relation between acute depressive symptoms and inﬂammation to explain CVD risk. There is recent evidence to suggest that
sustained long-term personality dispositions promote a more detrimental cardiovascular proﬁle, particularly in African–American
men (Sims et al., 2010).
Previous research has examined the joint effects of hostility and
severity of depressive symptoms on inﬂammation (Suarez, 2003a;
Miller et al., 2003; Stewart et al., 2008; Brummett et al., 2010).
Consistently across these studies, an interactive relationship between depressive symptoms, hostility, and inﬂammatory marker
levels was found. Suarez (2003a) categorized a sample of 90 relatively healthy men into groups based on depressive symptom
and hostility scores. Results indicated that the group with higher
depressive symptoms and higher hostility had greater levels of
IL-6 compared to the remaining groups. Similarly, depressive
symptoms moderated the relationship between hostility and IL-6
and CRP in a sample of 316 older individuals aged 50–70 years
(Stewart et al., 2008). In these studies, positive associations between hostility and inﬂammatory markers were observed in participants that endorsed higher depressive symptoms, but not
lower. However, Miller et al. (2003) found, in a sample of 100 ethnically diverse individuals, higher hostility was associated with
greater IL-6 among participants with lower depressive symptoms
scores. Sample differences among the studies may account for discrepant ﬁndings, although this is unclear. For example, gender
composition may impact ﬁndings. Studies examining the moderating effects of gender on relations among depressive symptoms,
hostility and inﬂammatory markers have yielded mixed ﬁndings.
Brummett et al. (2010) found depressive symptoms were related
to inﬂammatory markers more strongly in hostile women, while
other studies did not ﬁnd signiﬁcant interactions between depressive symptoms, hostility, gender, and inﬂammatory markers
(Stewart et al., 2008; Miller et al., 2003). Further, few studies have
examined the combined effects of more longstanding personality
styles. In one study, Boyle and colleagues (2007) found that a composite of depressive, angry and hostile personality styles predicted
10-year increases in complement component 3, an important marker of inﬂammation that is activated by CRP.
To our knowledge, there are no studies that have explored the
temporal distinction in depression and further examined whether
they work in tandem with hostility to inﬂuence inﬂammatory mar-
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ker levels in African Americans. The current study investigated the
independent and synergistic inﬂuences of state depression, dispositional depression and hostility on IL-6 and CRP. We posited that
each of these psychological constructs would be independently
associated with higher levels of inﬂammatory markers IL-6 and
CRP. We further hypothesized that state and dispositional depression would be more strongly associated with markers of inﬂammation in the presence of higher levels of hostility, suggesting that
greater cardiovascular risk is associated with the interaction of
both negative affective and dispositional attributes. Moreover, we
aimed to examine within-group differences to determine whether
gender and socio-economic status (SES) inﬂuence CVD risk, as
found in prior research (Lewis et al., 2011; Winston et al., 2009;
Winkleby et al., 1998).
2. Methods
The current study was conducted as part of the National Minority Organ Tissue Transplant Education Program (MOTTEP) at Howard University entitled Psychoneuroimmunological Risk Factors in
Renal Health and Disease and was approved by the Howard University (HU) Institutional Review Board. The study examined stress
and psychoneuroimmunological factors in renal health and disease
in African Americans. It was conducted from 2004 to 2007 at the
General Clinical Research Center (GCRC) at HU Hospital. Participants were recruited through ﬂyers posted at HU Hospital and
advertisement at local health fairs. Participants were screened by
phone and eligibility was based on self-report. Participants provided informed consent prior to participation. Data collection took
an average of four hours and each participant received monetary
compensation.
2.1. Participants
The participants were a community-based sample of 198 African Americans (48% male), who resided in the Washington, DC
metropolitan area. Individuals with current physical, emotional,
or drug abuse, as well as a previous diagnosis of a psychiatric illness, were excluded. Demographic information and a full health
history were collected. Sixteen participants were omitted from
the total sample of 214 participants due to missing data. Demographic information is provided in Table 1.
2.2. Biological measures
Participants underwent a medical examination conducted by
nursing staff at the GCRC. Weight and height measurements were
used to calculate body mass index (BMI). A seated blood pressure
measurement was taken via a sphygmomanometer on a single occasion. A second and third blood pressure reading were not added
until the 93rd participant; therefore, only the ﬁrst blood pressure
reading was included in the analyses. Blood serum assays were collected using a venipuncture procedure to determine CRP and IL-6
levels. Non-fasting blood samples were drawn into four cryovials
and frozen at 70 Celsius. After clotting, blood samples were centrifuged and aliquoted into six vials to be stored at the GCRC until
collected by Quest Laboratories. Blood samples were detected for
levels of IL-6 and CRP by enzyme-linked immunosorbent assays
(ELISA) and quantiﬁed by a microplate spectrophotometer. Self-reported diabetes and self-reported hypertension were assessed with
a health history questionnaire.
2.3. Psychological measures
Depressive symptoms were assessed using the Beck Depression
Inventory-II (BDI-II) (Beck et al., 1996). The BDI-II is a well-vali-
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Table 1
Descriptive statistics for all participants and by gender.
All participants M (SD)

Males M (SD)

Females M (SD)

Independent variables: Psychological measures
BDI-II
NEO Depression
Ho scale

7.96 (8.07)
14.38 (5.76)
23.26 (7.83)

6.74 (6.95)
14.08 (4.67)
23.79 (7.25)

9.17⁄ (8.90)
14.65 (6.60)
22.72 (8.38)

Dependent variables: Inﬂammatory markers
IL-6 (pg/mL)
CRP (mg/mL)

2.91 (4.31)
3.57 (5.41)

2.86 (3.84)
2.97 (4.06)

2.96 (4.75)
4.16 (6.45)

Control variables: Demographic & health history measures
Age (y)
Education (y)
Income (% below $50 K/y)
SBP (mm/Hg)
DBP (mm/Hg)
BMI (kg/m2)
Hypertension (%)
Diabetes (%)

45.56 (11.60)
13.83 (2.42)
84.8
133.14 (18.54)
79.80 (13.54)
30.09 (7.11)
29.41
11.27

44.03 (12.28)
13.39 (2.27)
89.1
134.12 (17.20)
79.95 (13.06)
29.19 (6.88)
20.00
9.90

47.02 (10.76)
14.26* (2.49)
77.2
132.18 (19.74)
79.65 (14.07)
31.01 (7.26)
38.46**
12.62

Abbreviations: BDI-II = Beck Depression Inventory II, NEO Depression = NEO Depression subscale, Ho scale = Cook Medley Hostility Scale, IL-6 = Interleukin-6, CRP = C-reactive
protein, SBP = systolic blood pressure, DBP = diastolic blood pressure, BMI = body mass index.
*
p < .05 (two-tailed).
**
p < .01 (two-tailed).

dated 21-item self-report measure used to determine the severity
of depression, with scores highly correlated with a clinical diagnosis of depression (Beck et al., 1997). Dispositional depression was
assessed using the Neuroticism, Extraversion and Openness Personality Inventory-Revised (NEO-PI-R). The NEO-PI-R is designed
to measure the broad personality domains of neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness. Each of the ﬁve domains consists of six facets, with each facet
derived from eight items in the total inventory (Costa and McCrae,
1995). The Depression facet scale (NEO Depression) measures feelings of guilt, sadness, despondency, and loneliness. Within an African–American sample, internal consistency coefﬁcients for the
NEO-PI-R range from 0.74 to 0.86 for the domain scales and from
0.30 to 0.73 for the facet scales (Savla et al., 2007). Dispositional
hostility was measured using the Cook–Medley Hostility (Ho)
Scale, which is a 50-item self-report measure derived from the
Minnesota Multiphasic Personality Inventory (MMPI) (Hathaway
and Mckinley, 1943; Cook and Medley, 1954). Suarez et al.
(1998) have shown that individuals with Ho scale scores of 23 or
greater may demonstrate cardiovascular and hormonal reactivity
to anger arousal, which is associated with elevated risk for CVD.
2.4. Socio-economic status
Years of educational attainment were utilized as a proxy for SES.
Income was not used as a proxy for SES in the analyses due to the
categorical nature of income data in the dataset.

tial associations between the psychological variables, inﬂammatory markers, and control variables were assessed with zeroorder correlations (see Table 2), with the signiﬁcance level p < .05
(one-tailed), given our speciﬁc hypotheses about the direction of
these relationships. All other statistical tests were performed with
the signiﬁcance level p < .05 (two-tailed).
Hierarchical multiple regression was used to perform a basic
analysis of covariance (ANCOVA), in order to assess the unique
contributions of state depression, dispositional depression, and
hostility to the prediction of the inﬂammatory markers IL-6 and
CRP, after the sociodemographic and biological measures had been
accounted for. In these ANCOVAs, and all analyses performed
hence, the effects of state depression (BDI-II) and dispositional
depression (NEO) were examined separately. Next, stepwise multiple regression analyses were performed to examine which, if any,
of the interactive effects of depression, hostility, gender, and education signiﬁcantly improved prediction of each of the inﬂammatory markers over additive models, after controlling for
covariates identiﬁed as signiﬁcant in the ANCOVAs. Stepwise
regression was chosen because of our interest in identifying the
most efﬁcient predictive model for each of the inﬂammatory markers; that is, the model that explains the most variation using the
smallest number of predictors. In total, four stepwise regressions
were performed: the ﬁrst with IL-6 as the dependent variable
(DV) and BDI-II included in the regressor set; the second with
Table 2
Zero-order correlations between psychological measures, inﬂammatory markers,
demographic and health history measures.

2.5. Statistical analyses
The Statistical Package for the Social Sciences (SPSS) 20.0 was
used for all statistical analyses. Means and standard deviations
were computed for each of the independent variables (i.e., the psychological measures BDI-II, NEO Depression, and Ho scale), dependent variables (i.e., inﬂammatory markers IL-6 and CRP), and
several control variables (i.e., the sociodemographic and health history measures age, education, income, systolic blood pressure
(SBP), diastolic blood pressure (DBP), BMI, self-reported hypertension, and self-reported diabetes). Independent samples t-tests
were used to assess gender differences among these variables
(see Table 1). The BDI-II was square-root transformed and IL-6
and CRP were log transformed to correct for positive skewness. Ini-

BDI-II

NEO Depression

Ho scale

Inﬂammatory markers
IL-6
CRP

.128*
.118#

.205**
.161*

.180**
.192**

Control variables
Age
Education
SBP
BMI

.071
.185**
.072
.156*

.070
.111#
.099#
.150*

.106#
.157*
.041
.064

Abbreviations: IL-6 = Interleukin-6, CRP = C-reactive protein, BDI-II = Beck Depression Inventory II, NEO Depression = NEO Depression subscale, Ho scale = Cook
Medley Hostility Scale, SBP = systolic blood pressure, BMI = body mass index.
#
p < .1 (one-tailed).
*
p < .05 (one-tailed).
**
p < .01 (one-tailed).
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CRP as the DV and BDI-II included in the regressor set; the third
with IL-6 as the DV and NEO Depression included in the regressor
set; and the fourth with CRP as the DV and NEO Depression included in the regressor set. Finally, signiﬁcant interaction effects
were plotted to help clarify and interpret synergistic relationships
among variables in the stepwise regressions. To assist with the
interpretation of the interaction plots, the main predictors were
dichotomized at the median to create low/high categories. Education was dichotomized at 12 years or less (completion of high
school or less) and greater than 12 years (some college or more).
3. Results
3.1. Participant characteristics
The mean age of participants was 45.56 (SD = 11.60). The mean
educational attainment of participants was 13.83 years (SD = 2.42).
Women had more educational attainment than men t(195) = 2.58,
p = .011. In contrast, more men earned greater than $50,000/year
as compared to women (p < .05). Mean SBP fell in the pre-hypertensive range for the total sample, as well as for both men and women. Mean DBP was in the normal range. On average, women were
obese, while men fell within the overweight range for BMI. Nearly
30% of the sample reported a diagnosis of hypertension, but the
condition was more prevalent among women (38.5%) than men
(20.0%), t(197.30) = 2.95, p = .004. Prevalence of self-reported diabetes in the sample was 11.3%. There were no gender differences
in dispositional depression or hostility; however, women scored
higher than men on the BDI-II, t(183.12) = 2.13, p = .035. Mean
CRP levels were elevated particularly for women (M = 4.16 mg/
mL; SD = 6.45) and met the criteria for ‘‘high risk’’ according to
Centers for Disease Control and American Heart Association; however, women’s mean levels did not differ signiﬁcantly from men’s
(p = .130).
3.2. Preliminary analyses
As shown in Table 2, all of the bivariate zero-order correlations
between the psychological measures and inﬂammatory markers
under study were either signiﬁcant or marginally signiﬁcant at
the p < .05 (one-tailed) level, and all were in the expected direction.
Speciﬁcally, IL-6 was signiﬁcantly positively correlated with BDI-II,
r(181) = .128, p = .042, with NEO Depression, r(174) = .205,
p = .003, and with Ho scale r(176) = .180, p = .008. C-reactive protein was signiﬁcantly positively correlated with NEO Depression,
r(175) = .161, p = .016, and with Ho scale, r(177) = .192, p = .005;
but marginally signiﬁcantly and positively correlated with BDI-II,
r(182) = .118, p = .056. All of the psychological measures’ bivariate
zero-order correlations with education and with BMI were in the
expected direction, and, of these, four were signiﬁcant. Namely,
BMI was positively associated with BDI-II, r(189) = .156, p = .015,
and with NEO Depression, r(184) = .150, p = .021; while educational attainment was negatively associated with BDI-II,
r(184) = 0.185, p = .006, and with Ho scale r(180) = 0.157,
p = .017. Six scatterplots illustrating the correlations between the
psychological measures and inﬂammatory markers are found in
Fig. 1.
In light of the signiﬁcant bivariate zero-order correlations between hostility, depression (state and dispositional), and the
inﬂammatory markers, hierarchical multiple regressions were performed to assess (1) whether these associations remained signiﬁcant after controlling for sociodemographic and biological
measures, and (2) the unique contributions of hostility, state and
dispositional depression to the prediction of IL-6 and CRP. Table 3
show, irrespective of operationalization of depression and irrespec-
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tive of operationalization of inﬂammation, models that included
hostility and depression simultaneously constituted signiﬁcant
improvements over models that included sociodemographic and
biological measures alone: 4.1% more of the variance in IL-6 was
explained when BDI-II and Ho scale were included as additional
predictors, F(2,149) = 4.19, p = .017 (Table 3a); 3.5% more variance
in CRP was explained by adding BDI-II and Ho scale,
F(2,149) = 4.11, p = .018 (Table 3a); 3.9% more variance in IL-6
was explained by adding NEO Depression and Ho scale,
F(2,143) = 3.81, p = .025 (Table 3b); and 4.1% more variance in
CRP was explained by adding NEO Depression and Ho scale,
F(2,143) = 4.95, p = .008 (Table 3b). However, all of the associations
between the psychological measures and inﬂammatory markers
were weakened considerably after the covariates were taken into
account. Indeed, neither of the depression measures’ unique contributions to the prediction of the inﬂammatory markers approached signiﬁcance in the ANCOVA models. Only hostility’s
unique contributions remained signiﬁcant, and this was the case
in only three of the four ANCOVA models. Speciﬁcally, Ho scale
was signiﬁcantly associated with both IL-6 (b = .21, p = .008) and
CRP (b = .20, p = .006) in the presence of BDI-II (see Table 3a);
and Ho scale was signiﬁcantly associated with CRP (b = .21,
p = .004), but not IL-6 (b = .13, p > .12), in the presence of NEO
Depression (see Table 3b).
As noted previously, a series of stepwise multiple regressions
was performed next, to examine in particular the synergistic inﬂuences of hostility and state and dispositional depression on IL-6
and CRP, and the extent to which these relationships depend on
gender and education.
3.3. State depression, hostility, and the interaction
Table 4 summarizes the ﬁndings of the stepwise regression
analyses we performed to identify the additive and interactive
models that explained the most variation in each of the inﬂammatory markers using BDI-II (state depression), the Ho scale (hostility), gender, and education as the main predictors. Signiﬁcant
covariates identiﬁed in the hierarchical regressions described
above were controlled in these analyses as well.
For IL-6, the ﬁrst model (the additive model depicted at Step 1
in the ﬁrst column of Table 4) explained 23.5% of the variance; signiﬁcant predictors were BMI (b = .38, p < .001), education (b = .17,
p = .022), and the Ho scale (b = .20, p = .010). At Step 2, DR2 was
computed for each of the two-way interactions among BDI-II, Ho
scale, gender and education, and the interaction term that contributed most signiﬁcantly to the prediction of IL-6-namely, Ho
scale  education-was selected for inclusion in the model. In this
second model, BMI (b = .38, p < .001) and Ho scale (b = 1.28,
p = .004) were positively related to IL-6, but the effect of Ho scale
on IL-6 was qualiﬁed by a signiﬁcant Ho scale by education interaction (b = 1.15, p = .014). Inclusion of this interaction signiﬁcantly improved the predictive value of the model, DR2 = .029,
F(1,155) = 6.15, p = .014. We dichotomized education to examine
more closely this interaction. As the ﬁrst plot in Fig. 2 shows, after
controlling for all other variables in the second model, the positive
association between Ho scale and IL-6 was more pronounced
among participants who, at most, completed high school (i.e., participants with 12 years of education or less) than among participants with at least some college experience. The stepwise
regression analysis stopped after Step 2, inasmuch as none of the
improvements to the model identiﬁed at Step 2 resulting from
inclusion of the other two-way interaction terms approached
signiﬁcance.
Likewise, we performed a stepwise regression of CRP on BDI-II,
Ho scale, gender, education, and their two-way interactions, controlling for all signiﬁcant covariates identiﬁed in the hierarchical
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Fig. 1. Scatterplots of unadjusted associations between BDI-II, NEO Depression, and Ho scale scores and IL-6 and CRP. BDI-II = Beck Depression Inventory-II; Ho scale = Cook
Medley Hostility Scale; IL-6 = Interleukin-6; CRP = C-reactive protein.

regression analysis. The pattern of results observed here was very
similar to that found for IL-6, except Ho scale  education was only
marginally signiﬁcant (b = .73, p = .090). As shown in the second
column of Table 4, the Step 1 additive model explained 35.2% of
the variance in CRP. In this model, BMI (b = .55, p < .001) and Ho
scale (b = .18, p = .011) were signiﬁcantly positively associated

with CRP; all other predictors had nonsigniﬁcant betas. Step 2,
which identiﬁed Ho scale  education as the interaction term that
contributed most signiﬁcantly to the prediction of IL-6, increased
the predictive value only marginally (DR2 = .012, F(1,155) = 2.92,
p = .09). As with IL-6, this stepwise regression analysis stopped
after Step 2.
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Table 3a
Hierarchical regressions predicting the inﬂammatory markers IL-6 and CRP from BDI-II (state depression) and Ho scale (hostility), after controlling sociodemographic and health
history measures.
Inﬂammatory marker
IL-6

CRP

DR 2

DR2

t

b
***

Initial model
Diabetes
Hypertension
BMI
SBP
Sex
Education
Age

.229

Model including state depression and hostility as predictors
Diabetes
Hypertension
BMI
SBP
Sex
Education
Age
BDI-II
Ho scale

.041*

Total R2
n

.270***
159

t

b

.336***
.11
.01
.34
.03
.03
.17
.13

1.38
.09
4.19***
.34
.34
2.25*
1.65

.10
.01
.35
.03
.04
.14
.16
.01
.21

1.36
.10
4.37***
.38
.51
1.84#
1.95#
.12
2.70**

.03
.01
.53
.05
.03
.07
.11

.42
.07
6.99***
.70
.46
1.00
1.51

.04
.01
.55
.05
.02
.04
.14
.04
.20

.53
.07
7.27***
.72
.21
.59
1.81#
.47
2.78**

.035*

.371***
159

Abbreviations: IL-6 = Interleukin-6, CRP = C-reactive protein, BMI = body mass index, SBP = systolic blood pressure, BDI-II = Beck Depression Inventory II, Ho scale = Cook
Medley Hostility Scale.
#
p < .1.
*
p < .05.
**
p < .01.
***
p < .001.

Table 3b
Hierarchical regressions predicting the inﬂammatory markers IL-6 and CRP from NEO Depression (dispositional depression) and Ho scale (hostility), after controlling
sociodemographic and health history measures.
Inﬂammatory marker
IL-6

CRP

DR2

DR2

t

b
***

Initial model
Diabetes
Hypertension
BMI
SBP
Sex
Education
Age

.230

Model including dispositional depression and hostility as predictors
Diabetes
Hypertension
BMI
SBP
Sex
Education
Age
NEO Depression
Ho scale

.039*

Total R2
n

.269***
153

t

b

.373***
.03
.07
.38
.03
.02
.13
.13

.44
.79
4.58***
.31
.20
1.68
1.53

.03
.08
.37
.03
.03
.10
.16
.12
.13

.34
.89
4.44***
.38
.33
1.31
1.96#
1.41
1.54

.06
.05
.57
.04
.08
.02
.12

.89
.61
7.45***
.58
1.04
.30
1.64

.07
.04
.57
.04
.07
.02
.16
.01
.21

.96
.50
7.65***
.59
.96
.22
2.23*
.13
2.90**

.041**

.414***
153

Abbreviations: IL-6 = Interleukin-6, CRP = C-reactive protein, BMI = body mass index, SBP = systolic blood pressure. NEO Depression = NEO Depression subscale, Ho scale = Cook Medley Hostility Scale.
#
p < .1.
*
p < .05.
**
p < .01.
***
p < .001.
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Table 4
Stepwise regressions predicting the inﬂammatory markers IL-6 and CRP from BDI-II
(state depression), Ho scale (hostility), and interactions.
Inﬂammatory marker
IL-6
Predictor

DR2

Step 1
BMI
Sex
Education
BDI-II
Ho scale

.235***

Step 2
BMI
Sex
Education
BDI-II
Ho scale
Ho scale  education

.029*

Total R2
N

.264***
162

CRP

DR2

b

b

.352***
.38***
.06
.17*
.04
.20*

.55***
.01
.08
.05
.18*
.012#

.38***
.08
.37
.03
1.28**
1.15*

.55***
.02
.27
.04
.87*
.73#
.364***
162

Abbreviations: IL-6 = Interleukin-6, CRP = C-reactive protein, BMI = body mass index,
BDI-II = Beck Depression Inventory II, Ho scale = Cook Medley Hostility Scale.
#
p < .1.
*
p < .05.
**
p < .01.
***
p < .001.

3.4. Dispositional depression, hostility, and the interaction
We used the same stepwise procedure to examine the additive
and interactive effects of NEO Depression (dispositional depression), the Ho scale (hostility), gender, and education on the inﬂammatory markers. Again, signiﬁcant covariates identiﬁed in the
hierarchical regressions described above were controlled in these
analyses. Table 5 summarizes our ﬁndings.
The stepwise regression of IL-6 on NEO Depression, Ho scale,
gender, education, and their two-way interactions, controlling
for all signiﬁcant covariates identiﬁed in the hierarchical regression analysis, is shown in the ﬁrst column of Table 5. Notably,
the pattern of results observed here, with dispositional depression in the regressor set, was very similar to that found when
state depression (BDI-II) was included in the regressor set. Specifically, the additive model explained 24.5% of the variance in IL-6
and was characterized by a positive association between BMI and
IL-6 (b = .40, p < .001) and a marginally signiﬁcant negative association between education and IL-6 (b = .13, p = .081). In the second step, the effects of BMI (b = .40, p < .001) and Hostility
(b = 1.13, p = .013) on IL-6 were signiﬁcant, but the positive association between the Ho scale and IL-6 was qualiﬁed by a signiﬁcant hostility by education interaction (b = 1.11, p = .022). Again,
the addition of this interaction signiﬁcantly improved the predictive value of the model (DR2 = .026, F(1,148) = 5.36, p = .022). As
the second plot in Fig. 2 shows, after controlling for all other variables in the second model, the positive association between Ho
scale and IL-6 was more pronounced among participants who,
at most, completed high school (i.e., participants with 12 years
of education or less) than among participants with at least some
college experience.
Finally, we examined stepwise models to predict CRP from
NEO Depression, the Ho scale, gender, education, and their twoway interactions. The ﬁrst model explained 40.8% of the variance
in CRP (as shown in Step 1 of the second column in Table 5); signiﬁcant predictors in this additive model were BMI (b = .59,
p < .001), age (b = .16, p = .019), and the Ho scale (b = .20,
p = .006). In Step 2, signiﬁcant predictors were BMI (b = .57,

Fig. 2. Illustrations of signiﬁcant Ho scale by education interactions predicting log
IL-6 (estimated marginal means) in the presence of Beck Depression Inventory-II
(state depression) and NEO Depression subscale (dispositional depression), respectively. Steeper lines represent participants with 12 years of education or less
(completion of high school or less). Ho scale = Cook Medley Hostility Scale.

p < .001), age (b = .14, p = .033), NEO Depression (b = .45,
p = .032), and NEO Depression  Ho scale (b = .68, p = .023). The
addition of this interaction (plotted, after performing median
splits on the NEO Depression and Ho scale, in Fig. 3) signiﬁcantly
improved the predictive value of the model (DR2 = .020,
F(1,147) = 5.27, p = .023). As Fig. 3 shows, increased dispositional
depression was associated with increased CRP in the presence
of high hostility, but increased dispositional depression was associated with reduced CRP in the presence of low hostility. In Step
3, the predictive value of the model was increased (DR2 = .015,
F(1,146) = 3.98, p = .048) with the addition of NEO Depression  education (b = 1.07, p = .048). As Fig. 4 shows, increased
dispositional depression was associated with increased CRP
among participants with 12 years of education or less (completion of high school or less) but was associated with decreased
CRP among participants with greater than 12 years of education
(some college or more). Step 4, the ﬁnal step of the regression,
yielded a marginally signiﬁcant increase in predictive value
(DR2 = .013, F(1,145) = 3.40, p = .067) with the addition of NEO
Depression  Gender (b = 0.39, p = .067). This marginally signiﬁcant interaction suggested a trend, such that increased dispositional depression was associated with increased CRP among
males, but decreased CRP among females.
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Table 5
Stepwise regressions predicting the inﬂammatory markers IL-6 and CRP from NEO Depression (dispositional depression), Ho scale (hostility), and interactions.
Inﬂammatory marker
IL-6
Predictor

CRP

DR 2

b
***

Step 1
BMI
Sex
Education
NEO Depression
Ho scale

.245

Step 2
BMI
Sex
Education
NEO Depression
Ho scale
Ho scale  education

.026*

Total R2
n

.40***
.02
.13#
.11
.10

.40***
.03
.38
.12
1.13*
1.11*

.271***
155

Predictor

DR2

Step 1
Age
BMI
Sex
Education
NEO Depression
Ho scale

.408***

Step 2
Age
BMI
Sex
Education
NEO Depression
Ho scale
NEO Depression  Ho scale

.020*

Step 3
Age
BMI
Sex
Education
NEO Depression
Ho scale
NEO Depression  Ho scale
NEO Depression  education

.015*

Step 4
Age
BMI
Sex
Education
NEO Depression
Ho scale
NEO Depression  Ho scale
NEO Depression  education
NEO Depression  sex

.013#

b
.16*
.59***
.06
.002
.002
.20**
.14*
.57***
.08
.01
.45*
.15
.68*
.16*
.55***
.08
.41#
.63
.12
.61*
1.07*
.15*
.55***
.23
.41#
.71
.19
.74*
1.07*
.39#

.456***
155

Abbreviations: IL-6 = Interleukin-6, CRP = C-reactive protein, BMI = body mass index, NEO Depression = NEO Depression subscale, Ho scale = Cook Medley Hostility Scale.
#
p < .1.
*
p < .05.
**
p < .01.
***
p < .001.

Fig. 3. Illustration of signiﬁcant NEO Depression by Ho scale interaction predicting
log CRP (estimated marginal means). Steeper line represents participants with high
hostility.

Fig. 4. Illustration of signiﬁcant NEO Depression by education interaction (estimated marginal means). Steeper line represents participants with 12 years of
education or less (completion of high school or less).
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4. Discussion
African Americans have higher rates of CVD and associated
morbidity and mortality compared to other racial/ethnic groups.
Although higher rates of hypertension, DM, and obesity have prevailed in this population, biological risk factors alone have not fully
explained the disparities that exist. Psychological factors have contributed to elevated inﬂammatory responses and are associated
with increases in CVD risk. The current study sought to examine
the inﬂuence of state depression, dispositional depression, and
hostility on inﬂammatory markers IL-6 and CRP. It was hypothesized that greater state depression, dispositional depression, and
hostility would be independently and synergistically associated
with higher levels of IL-6 and CRP. Our hypotheses were partially
supported. Greater hostility was independently associated with
higher levels of CRP, but not IL-6. There were no independent effects of state depression or dispositional depression on IL-6 and
CRP, after controlling for BMI, SBP, self-reported hypertension
and diabetes, age, and gender; however, important synergistic effects emerged. Hostility was more strongly associated with IL-6
among individuals with less education in the presence of both state
and dispositional depression. Dispositional depression and hostility interacted such that dispositional depression was more strongly
associated with CRP among individuals with higher hostility. Dispositional depression was more strongly associated with CRP
among individuals with less education. Lastly, there was a near signiﬁcant trend towards dispositional depression being more
strongly associated with CRP among males.
Most evidence supporting an association between depression
and inﬂammation has pointed to state depression as a predictor
of higher inﬂammatory levels. The lack of association between
state depressive symptoms, IL-6, and CRP was unexpected given
previous ﬁndings. Howren et al. (2009) described a 40-year trend
in the literature supporting a positive relation between state
depressive symptoms, IL-6, and CRP levels. Moreover, the association was stronger among clinically depressed samples (Howren
et al., 2009). Further analysis of our sample revealed that 79.5%
of participants had a BDI-II score between 0 and 13, which according to Beck et al. (1996), is indicative of minimal depressive symptoms. The lack of variability and positive skew in BDI-II scores may
help explain the non-signiﬁcant associations. Selecting a clinical
measure of depression to use with community-dwelling adults is
one methodological limitation of the current study. Research has
demonstrated that using the BDI-II with community-based samples results in under reporting of depressive symptoms (Hunt
et al., 2003). Use of a population-based measure may have increased variability in depression scores. Future work with nonclinical African–American samples should examine within-group
variability in depressive symptoms using population-based
depression measures and socio-culturally appropriate qualitative
assessments.
Moreover, the differences in symptom expression among African Americans may also account for the lack of an association between state depressive symptoms and markers of inﬂammation.
According to Blazer et al. (1998) and Brown et al. (1996), the manifestation of acute depressive symptoms among African Americans
may be qualitatively different than other racial/ethnic groups. African Americans often present with more somatic symptoms, such as
sleep disturbances, loss of appetite, and loss of libido when compared to their Caucasian counterparts (Ayalon and Young, 2003).
Therefore, the BDI-II may not have accurately captured depressive
symptoms within this population. The attempt to make parallel
comparisons between Caucasians and African–American samples
on the nature of the relationship between state depressive symptoms and inﬂammation may not adequately address the complexities of this relationship within the African–American community.

In our study, we found a signiﬁcant positive association between hostility and CRP. Although this result is not novel (Graham
et al., 2006; Marsland et al., 2008), there is a need to better understand and place into context the relationship between hostility and
inﬂammation in the current sample. One explanation that may
shed light on this result rests in a sociocultural reality that lends
itself to increased feelings of hostility within the African–American
community. In particular, African Americans have a distinct set of
stressors that are directly associated with race/ethnicity, such as
racism, discrimination, and oppression (Clark et al., 1999; Vontress
et al., 2007). Prior research has suggested that everyday discrimination is associated with increased levels of CRP. These stressors
have also been related to increased hostility (Lewis et al., 2010).
Further exploration of these relationships is warranted to better
understand the deleterious consequences that hostility and perceived racism and discrimination have on the development of CVD.
A signiﬁcant interaction emerged for hostility and education.
Participants with a high school education or less showed a stronger
positive association between hostility and IL-6. This ﬁnding is consistent with prior research that showed hostility and stress are
interrelated, with greater hostility levels often being accompanied
by greater socio-environmental stress (Smith et al., 2010). Within
our sample, levels of hostility may have been associated with
stressors caused by decreased educational opportunities, such as
substandard housing, job constraints, lower salaries and poor access to health care (Clark et al., 1999; Lewis et al., 2010). Inversely,
ﬁndings suggest that higher educational attainment, and its associated beneﬁts, may afford some protection against increased
inﬂammation.
Several studies have investigated hostility by depression interactions on CRP (Suarez, 2003a; Miller et al., 2003; Stewart et al.,
2008; Brummett et al., 2010). Findings were consistent among
these studies and generally suggested a combination of high
depressive symptoms and higher hostility is associated with greater inﬂammatory activity (Brummett et al., 2010; Stewart et al.,
2008; Suarez, 2003a). It should be noted that the prior studies
did not focus solely on a community-based African–American population nor examine dispositional depression. However, in the current study, the joint effects of hostility and dispositional
depression were tested and results indicated higher circulating levels of CRP in this group. In support of this interaction, some African
Americans suffer from a chronic low-grade depression that may be
masked by components of hostility (Vontress et al., 2007). This
manifestation may be attributed to their unique history (i.e. slavery) and experiences (i.e. discrimination, racism, oppression, disenfranchisement) and the residual effects of these experiences may
provide an explanation for increased levels of circulating inﬂammatory markers and chronic health conditions (Lewis et al.,
2010; Clark et al., 1999; Vontress et al., 2007).
Similar to ﬁndings for hostility, education, and IL-6, we found
evidence that the positive association between dispositional
depression and CRP was more pronounced among participants with
a high school education or less. Exposure to adverse socioeconomic
conditions and low adult SES, such as limited educational attainment, has been associated with elevated inﬂammatory burden (Pollitt et al., 2008). This pathway may help to explain greater CVD
prevalence among individuals with lower SES. For participants with
less education in the current sample, educational attainment may
act to enhance the contribution of dispositional depression to
inﬂammatory burden. While we cannot infer temporal relations
in a non-prospective study, a key issue here (and in the case of hostility) is whether a depressive or hostile dispositional style tends to
precede, follow, or co-occur with lower SES. Further research is
needed to determine how dispositional characteristics of individuals inﬂuence the inﬂammatory process and how education and
other SES factors may interact to enhance or buffer this process.
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Results also suggested a near-signiﬁcant trend toward the positive association between dispositional depression and CRP being
more pronounced for men. While we are unaware of prior studies
that have examined dispositional depression and CRP relations,
numerous studies have reported gender differences in the association between state depressive symptoms, CVD, and CHD, but ﬁndings have been mixed. Some studies have reported an association
among men only (CVD; Joukamaa et al., 2001; Penninx et al.,
1998) and others among women only (CHD; Mendes de Leon
et al., 1998; Williams et al., 2002). In addition, Brummett and colleagues (2010) found a signiﬁcant state depression x gender interaction predicting CRP levels, which was more pronounced among
women. Given that gender ﬁndings for state depression and
inﬂammatory conditions have been mixed, gender ﬁndings for dispositional depression and CRP have not been previously examined,
and there were no gender differences in dispositional depression
within our sample, it is difﬁcult to explain why a this trend
emerged. We may infer that the biobehavioral pathways through
which dispositional depression inﬂuences CRP may be more direct
for men, or that dispositional depression among men may interact
with other psychological constructs to enhance the effect on CRP.
However, because of the qualitative differences between state
depression and dispositional depression and the dearth of previous
research, further studies are needed to disentangle how dispositional depression manifests for each gender and how this inﬂuences causal pathways for inﬂammation.
4.1. Clinical implications
The current study provides evidence supporting the existing
body of literature regarding the association between personality
dispositions and inﬂammation that may have value in predicting
a poorer cardiovascular risk proﬁle. The results also suggest that
there is a temporal distinction between state and dispositional
depression, such that a longstanding depressive disposition may
inﬂuence the inﬂammation process differently, and more signiﬁcantly, than acute depressive symptoms. This distinction is rarely
assessed by medical practitioners but is important to consider in
better identifying psychological factors that contribute to inﬂammation and CVD risk. There is evidence to suggest that African
Americans may externalize feelings of depression to reﬂect dimensions of hostility (Vontress et al., 2007). If African Americans are
more likely to externalize depressive symptoms, it is important
to consider alternative ways in which to accurately assess African
Americans for depression.
4.2. Limitations
Several factors may have limited the probability of signiﬁcant
ﬁndings in this study. First, although the sample size used yielded
valuable ﬁndings for a population that has been understudied in
research focused on mood, personality, and inﬂammation, the
sample size was relatively small. Second, although the BDI-II was
used in this study, there are measures that may have been more
sensitive in measuring depressive symptomatology in a non-clinical sample, such as the Center for Epidemiological Studies Depression Scale (CES-D) (Radloff, 1977). In addition, the current study
was cross-sectional; a longitudinal study is warranted to better
understand the direction of the relation between psychological
states and inﬂammation. There is evidence to suggest a bidirectional (crosstalk) relationship between psychological states and
inﬂammation, such that the immune system can impart changes
in the psychoneuroimmunological state of the individual; conversely, psychological states can modulate immune responses (Maier and Watkins, 1998; Zachariae, 2009). Future research should
examine the directionality of these relations within African Amer-
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icans to better understand the various chronic diseases that disproportionately burden this group including cardiovascular and
kidney diseases. Finally, data on medication usage, which may affect IL-6 and CRP values and may have served as a useful covariate,
were not available in the data set.
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